terior pituitary and hypothalamus have been reported to fluctuate in phase with the menstrual cycle or with circulating estradiol levels in the monkey and human [4, 6, 7] .
In addition to SP, the tachykinin family also includes neurokinin B (NKB), neurokinin A (NKA), the N-terminally extended NKA peptides [neuropeptide K (NPK) and neuropeptide-γ (NPγ)] and the endokinins [8] . The primate tachykinins are encoded by three different genes, TAC1 , TAC3 and TAC4 . While TAC3 encodes for only NKB, differential RNA splicing and posttranslational processing of preprotachykinins encoded by TAC1 give rise to SP, NKA, NPK and NPγ [8] . To date, three tachykinin receptors have been identified, NK1, NK2 and NK3, and each receptor shows preferential affinity for one of the tachykinins (NK1 for SP; NK2 for NKA; NK3 for NKB). All tachykinins share the same hydrophobic C-terminal region, which is central to the activation of all three receptors, and SP, NKA and NKB can activate any one of them, suggesting that there may be redundancy in tachykinin signaling [8] [9] [10] .
The role of tachykinins in the hypothalamic regulation of gonadotropin secretion was rekindled by the discovery in man that loss-of-function mutations of either NKB or NK3 were associated with hypogonadotropism and delayed or absent puberty [11] . Interest was further stimulated when it was recognized that NKB had been earlier reported to be coexpressed in the arcuate nucleus (Arc) of the ewe with kisspeptin [12] , a neuropeptide currently considered to be the most critical stimulatory input to the GnRH neuronal network [13] . The kisspeptin/NKB-coexpressing neurons in the Arc have also been shown to cosynthesize dynorphin in a species-dependent manner, and have been termed KNDy neurons [14] .
The notion that the Arc represents the site of the hypothalamic GnRH pulse generator originated from the early observation of Knobil's laboratory that in the ovariectomized rhesus monkey gonadotropin secretion was abolished by selective lesioning of this nucleus [15] , and was reinforced by findings that multiunit electrical activity in the vicinity of this nucleus was tightly coupled with pulsatile discharges of LH, reflecting corresponding release of GnRH into the pituitary portal circulation [16] [17] [18] [19] . More recently, specific ablation of NKB receptor-expressing neurons in the Arc of the rat has been shown to impair the postcastration rise in gonadotropin secretion [20] , providing evidence for a critical role of NKB signaling, and by inference KNDy neurons, in GnRH pulse generation. For these and other reasons, KNDy neurons are now viewed as a major component of most contemporary models of GnRH pulse generation. These models posit that pulsatile activity within the network of Arc KNDy neurons is generated by a reciprocal interplay of stimulatory and inhibitory inputs provided by NKB and dynorphin signaling, respectively. The output of the pulse generator is provided by the pulsatile release of kisspeptin in the median eminence, which in turn induces corresponding intermittent GnRH discharges at this site [21] [22] [23] . The recent observation that SP is colocalized in a subset of kisspeptin/NKB neurons in the human infundibular (aka Arc) region [24] raises the possibility that SP is a potential fourth player in the GnRH pulse generator.
The purpose of this study was twofold. First, to examine the morphological relationship between SP and kisspeptin immunoactivity and potential interactions between these hypothalamic peptides in the region of the Arc and median eminence of intact and castrated male rhesus monkeys. The castrate situation was evaluated because previous studies by our laboratory have shown that kisspeptin neurons are readily identifiable in the Arc of the agonadal male [25] . Second, we accessed the effects of i.v. administration of SP on basal LH secretion. For this purpose, the GnRH-primed juvenile male rhesus monkey, in which endogenous GnRH secretion is minimal, was used to track induced GnRH release as described on several previous occasions [26] [27] [28] [29] .
Material and Methods

Tissue and Animals
The morphological relationship between immunopositive SP and kisspeptin in the mediobasal hypothalamus (MBH) of the adult male rhesus monkey (Macaca mulatta) was examined using 4% paraformaldehyde perfusion-fixed coronal hypothalamic hemisections obtained earlier from 4 intact (5.4-13.5 years of age, 10.2-12.1 kg body weight) and 4 castrated (4.1-12.1 years of age; 5.6-14.7 kg body weight) adult male rhesus monkeys. The castrates had been orchidectomized for 5-19 weeks before perfusion. Serial 25-μm sections throughout the entire hypothalamus had been cut on a freezing microtome and placed sequentially into a train of 10 wells so that each well contained a sequence of sections collected at 250-μm intervals (see reference [25] for details). The sections had been stored in cryoprotectant [30] at -20 ° C in the laboratory's tissue bank.
In order to examine the ability of SP to induce GnRH release, 4 juvenile male rhesus monkeys (14.2-15.1 months of age; 2.8-3.2 kg body weight) obtained from the California National Primate Research Center (Davis, Calif., USA) were used. These animals had been implanted with two indwelling venous catheters and bilaterally castrated for an unrelated University of Pittsburgh Institutional Animal Care and Use Committee (IACUC)-approved physiological study, and were maintained under a controlled photoperiod (lights on between 07.00 and 19.00 h) and at approximately 21 ° C as previously described in detail [26] . One i.v. line was dedicated to infusion of peptides (or vehicle) and the other to the with- [26, 31] . The study was approved by the University of Pittsburgh IACUC.
Experimental Design
Experiment 1: Localization of Immunopositive SP in the MBH and Median Eminence of Intact and Castrated Adult Male Monkeys, and the Relationship to Kisspeptin in the Arc and Median Eminence A series of coronal hemisections taken every 500 μm, starting at the first retrochiasmatic section and continuing to the rostral aspect of the mammillary bodies, from each of the castrated and intact adult male monkeys were stained for SP and kisspeptin as described below on one occasion. SP and kisspeptin-containing neurons were enumerated in each series of hemisections, and each hemisection was examined for double-labeled somata and fibers. The distribution of immunopositive SP and kisspeptin neurons in each group was aligned to the section containing the highest number of kisspeptin neurons and designated section 0. Experiment 2: Effect of i.v. Bolus Administration of SP on LH Release in the GnRH-Primed Agonadal Juvenile Male Rhesus Monkey Before initiating this experiment, the responsiveness of the gonadotrophs to GnRH stimulation was first enhanced by a chronic intermittent i.v. infusion of GnRH (0.6 μg GnRH/pulse once every hour) as described previously [26] . LH secretion by the GnRH-sensitized in situ pituitary was used as a bioassay for endogenous GnRH release as described previously on many occasions [26, 29, 32] .
Three doses (0.5, 5 and 50 μg) of SP were studied. The rationale for the selection of this dose range was based on the earlier finding that an i.v. bolus of 2 μg kisspeptin elicits a robust discharge of LH in the GnRH-primed juvenile male monkey [33] , and the assumption that SP would likely be markedly less potent than kisspeptin in this experimental paradigm. The 3 SP doses and vehicle (see Peptides) were studied in 4 animals over a 4-day period in such a manner that, on any one day, 3 of the 4 animals received a different dose of SP and the 4th animal received vehicle. Each animal received each of the 3 doses of SP and vehicle. Each dose was administered as an i.v. bolus over approximately 1 min at time 0. Immediately after the SP injection, the animals were checked for peripheral effects of the peptide such as facial flushing and lethargy, which has been reported in response to the vasodilatory and hypotensive actions of SP [1] . A preinjection blood sample was collected and postinjection samples were collected at 10, 20, 30, 60 and 110 min. Two hours following SP injection or vehicle (time 120 min), a bolus i.v. injection of kisspeptin-10 (2 μg in 1 ml sterile saline) was given as a positive control for GnRH release. This dose of kisspeptin has been shown to elicit a discharge of LH comparable to that observed spontaneously in adult castrates [33] .
Additional plasma samples were collected at 130 and 140 min, i.e. 10 and 20 min after kisspeptin administration. After collection of the last blood sample on each of the first 3 days of the experiment, GnRH priming was briefly restored for at least 5 h to maintain heightened sensitivity of the pituitary gonadotrophs.
Primary and Secondary Antibodies and Specificity Controls
Two SP antisera, previously characterized by others, were screened for use in the present study. The first was a rabbit polyclonal antiserum generated against synthetic SP by Eskay et al. [34] that had previously been validated by Rønnekleiv et al. [35] for the use in the monkey hypothalamus. The second was a monoclonal rat anti-SP (AbD Serotec No. 8450-0505; Bio-Rad, Raleigh, N.C., USA) that had been used in the recent study of SP localization in the human infundibular region [24] . The SP antibodies were screened in a pilot study using both immunofluorescence and the ABC nickel-intensified diaminobenzidine (Ni-DAB) methods [36] . Although both SP antisera revealed a very similar pattern of labeling in the monkey MBH (data not shown), we chose to employ the rabbit antibody for double immunofluorescence labeling and quantification because it had been previously used by Røn-nekleiv et al. [35] for examining SP in the monkey hypothalamus. Immunofluorescence for double labeling was possible because this procedure and the more sensitive Ni-DAB technique revealed similar patterns of SP immunopositivity.
For the NiDAB method, goat anti-rabbit or goat anti-rat secondary antibodies (Cat. No. BA 1000 and BA 9400, respectively; Vector Laboratories Inc.; Burlingame, Calif., USA) were used as appropriate.
For immunofluorescence, Cy3 donkey anti-rabbit (Jackson Immunoresearch Laboratories, West Grove, Pa., USA) was used as the secondary antibody to detect the rabbit SP antibody, and specificity was confirmed by preadsorption with synthetic SP (AbD Serotec No. 8450-1004) at a concentration of 5 μg/ml. The kisspeptin antibody (GQ2) was raised in sheep against synthetic human kisspeptin-54 and was kindly provided by Dr. Stephen Bloom (Imperial College London, Hammersmith Hospital, London, UK). Alexa Fluor 488 donkey anti-sheep IgG (Invitrogen Corporation, Carlsbad, Calif., USA) was used as the secondary antibody to detect GQ2, as previously described [25] . The specificity of GQ2 has been previously documented for use in radioimmunoassay (RIA) [37] and validated by this laboratory for immunohistochemical studies of kisspeptin in the monkey hypothalamus [25] .
Double-Labeling Immunohistochemistry
Fluorescence immunocytochemistry for kisspeptin and SP was performed on free-floating hemihypothalamic sections (500 μm apart) representing the anterior to posterior extent of the MBH. Sections were rinsed at room temperature in 50 m M KPBS (pH 7.3, 8 × 5 min), incubated for 30 min in 3% hydrogen peroxide and rinsed again in 50 m M KPBS (5 × 10 min). The sections were then incubated for 60 min at room temperature in KPBS buffer containing 5% normal horse serum (Vector Laboratories), 0.5% Triton X-100 and 0.1% BSA (Sigma Chemical) to block nonspecific binding. For duallabel immunofluorescence staining, the sections were incubated for 60 min at room temperature followed by 48 h at 4 ° C on a shaker in a cocktail of the primary antibodies (GQ2 at 1: 120,000 and rabbit SP at 1: 15,000) prepared in the KPBS-horse serum buffer, and then washed in 50 m M KPBS (5 × 5 min) at room temperature. For immunofluorescence detection of kisspeptin and SP, the sections were incubated for 1 h in the dark at room temperature in a cocktail of secondary antibodies; Alexa Fluor 488 donkey anti-sheep IgG and Cy3 donkey anti-rabbit were prepared in KPBS-horse serum buffer, both at a dilution of 1: 200. The sections were mounted on slides (Fisherbrand Superfrost Plus) treated with subbing solution (0.1% gelatin and 0.01% chromium potassium sulfate), allowed to dry in the dark, coverslipped using GEL/MOUNT aqueous mounting medium with anti-fading agents (Biomeda Corp., Foster City, Calif., USA) and stored at 4 ° C until analyses.
Ni-DAB Immunohistochemistry
Hemihypothalamic sections of the MBH were first rinsed at room temperature in 50 m M KPBS (pH 7.3, 8 × 5 min), incubated for 30 min in 3% hydrogen peroxide and rinsed again in 50 m M KPBS (5 × 10 min). The sections were incubated for 60 min at room temperature in KPBS buffer containing 5% normal goat serum (Vector Laboratories), 0.5% Triton X-100 and 0.1% BSA (Sigma Chemical Co., St. Louis, Mo., USA) to block nonspecific binding and incubated in primary antisera (rabbit anti-SP at 1: 150,000 or rat anti-SP 1: 250) for 60 min at room temperature followed by 48 h at 4 ° C. The sections were then incubated with biotinylated secondary antibody, goat anti-rabbit or goat anti-rat at 1: 600 for 60 min at room temperature. The signal was amplified using ABC Elite reagent kit (Vector; 1: 200) for 60 min and visualized with Ni-DAB chromagen [36] . The sections were mounted on slides (Fisherbrand Superfrost Plus; Fisher Scientific, Pittsburgh, Pa., USA) treated with subbing solution (0.1% gelatin and 0.01% chromium potassium sulfate) and allowed to dry. The slides were dehydrated through graded alcohol, cleared in histoclear (National Diagnostics, Charlotte, N.C., USA) and coverslipped using Permount (Fisher Scientific).
Confocal Microscopy
Imaging of fluorescence labeling for kisspeptin and SP was performed using a Nikon A1r confocal microscope (Nikon Instruments, Melville, N.Y., USA). The excitation and emission wavelengths for Alexa Flour 488 (green) and Cy3 (red) were 488/520 nm and 543/570 nm, respectively. For low (×10) and high magnification (×40) profiles, 25-30 optical sections along the z-axis were collected at 1-μm intervals and reconstructed using Image J software (http://rsbweb.nih.gov/ij/). Composite digital images were then converted to tagged image file format and imported into Adobe Photoshop (Adobe Photoshop Lightroom ® , version 5.3; Adobe Systems Inc., San Jose, Calif., USA), in which color balance was generally adjusted.
Quantification of Cell Body Number and Statistical Analyses
For enumerating the number of kisspeptin-and SP-immunopositive perikarya in the MBH, a series of hemicoronal sections at 500-μm intervals throughout the MBH was selected. The first anterior hemisection in the series was 250 μm or less caudal to the optic chiasm. Kisspeptin and SP cell bodies were counted using a fluorescence microscope (LEITZ DMRB; Leica, Wetzlar, Germany). The composite distribution of both neurons throughout the rostral-caudal extent of the MBH was compared by aligning cell counts/hemisection to the section containing the highest number of kisspeptin neurons (designated section 0).
The significance of differences in the mean number of kisspeptin and SP neurons/hemisection in intact and castrated monkeys was determined using the Student's t test (SigmaPlot 12.5; Systat Software Inc., San Jose, Calif., USA). Significance was accepted at p < 0.05.
Peptides
A stock solution of SP (Sigma-Aldrich Co., Cat. No. S6883; St. Louis, Mo., USA) was prepared at 1 mg/ml in 0.1 M acetic acid and stored in aliquots at -20 ° C. 0.1 M acetic acid was used as the vehicle, and aliquots were also stored at -20 ° C. On days when SP or vehicle challenges were administered, working solutions were freshly prepared in sterile saline immediately before i.v. injection. Human kisspeptin-10 was synthesized at the Peptide/Protein Core Facility of the Massachusetts General Hospital Endocrine/Reproductive Endocrinology Unit. A stock solution (1 mg/ml) in 5% dimethylsulfoxide in sterile saline was prepared and stored at -20 ° C. GnRH was obtained from Sigma-Aldrich Co. (St. Louis, Mo., USA). A stock solution (1 mg/ml) was prepared in sterile saline and stored at -20 ° C. A working GnRH dilution (0.6 μg/ml) was also prepared in sterile saline as previously described [29] .
LH Assay
Plasma LH concentrations were estimated using a homologous RIA system as described previously [38] . This RIA consisted of recombinant cynomolgus LH (rcLH; AFP6936A) as the standard and radioiodinated trace, and a polyclonal rabbit antiserum (AFP34294) raised against rcLH. The sensitivity of the LH RIA ranged between 0.1 and 0.2 ng/ml. The intra-and interassay coefficients of variation were ≤ 6 and ≤ 13%, respectively. LH concentrations below detection were assigned a value equivalent to the sensitivity of the assay. Significance of differences in plasma hormone concentrations was determined by two-way ANOVA followed by Sidak's multiple comparisons test. Data are presented as mean ± SEM. Significance was accepted at p < 0.05.
Results
Experiment 1
Only occasional immunopositive SP perikarya were identified in the MBH, regardless of whether Ni-DAB or immunofluorescence was used for visualization. The few SP neurons that were observed in the Arc of both intact and castrated adult male monkeys were homogenously immunopositive and generally found in close proximity to the third ventricle ( fig. 1 ). On the other hand, fibers immunopositive for SP were observed to innervate the entire length of the Arc and the median eminence: innervation of the Arc was particularly marked at the periphery of this structure ( fig. 2 ). In addition, intense immunopositivity was observed in the pars tuberalis, particularly in the anterior aspects of this structure ( fig. 2 , left panel) . Preadsorption of the SP antibody with authentic peptide eliminated all staining for the tachykinin in both the median eminence and Arc ( fig. 3 ) .
As expected, kisspeptin-immunopositive perikarya and fibers were also found in the Arc of both intact and castrated adult monkeys ( fig. 4 ) . Many heavily and homogeneously immunopositive kisspeptin perikarya were found in this hypothalamic nucleus of agonadal adult monkeys ( fig. 4 ) . In intact animals, however, the intensity of kisspeptin staining in the soma was much less than that in the agonadal situation, and, in contrast to castrates, the distribution of immunopositive peptide within the cytoplasm of the cell body was not homogeneous, but rather appeared as cytoplasmic granules or as a cytoplasmic 'cap' ( fig. 4 ) . On the other hand, the intensity of kisspeptin fiber staining tended to be greater in the MBH of intact compared to castrated monkeys ( fig. 4 ) .
The number of kisspeptin neurons per hemisection increased progressively in the anterior to posterior direction in the Arc ( fig. 2 , 5 a) . In castrates, the first identified kisspeptin perikarya were seen, on average, in sections taken approximately 1,000 μm posterior from the optic chiasm. However, in intact animals it was rather variable. In the 3 intact monkeys in which kisspeptin perikarya were detected, the first identified kisspeptin neurons tended to be located more posteriorly, approximately 4,000 μm posterior to the optic chiasm ( fig. 5 a) . SP-immunopositive perikarya in the Arc were located in the middle/posterior region of the nucleus, with occasional neurons found in the anterior region ( fig. 5 b) . The number of kisspeptin and SP neurons in the hemisections analyzed was greater in the castrated monkeys compared to intact animals (358.0 ± 29.9 vs. 19.00 ± 7.3, p < 0.0001, and 9.8 ± 3.0 vs. 1.5 ± 1.2, p < 0.05, respectively; fig. 5 c, d ).
Evidence of colocalization of kisspeptin and SP in cell bodies was observed on only one occasion, and this was in a castrated animal: 1 perikaryon out of 1,432 immunopositive kisspeptin neurons analyzed in this study exhibited evidence of double labeling ( fig. 6 ) . Similarly, unequivocal double-labeled fibers were not observed in the Arc, median eminence or elsewhere in the MBH ( fig. 7 ; online suppl. video; for all online suppl. material, see www.karger.com/doi/10.1159/000442420).
On the other hand, intimate axoaxonal interactions between these two peptides were seen at the level of the median eminence, where kisspeptin-beaded axons appeared to run horizontally along the arcuate-median eminence boundary intimately intermingling with SP fibers ( fig. 7 ) . Many of the SP projections appeared to converge in the external zone of the median eminence forming dense plexuses appearing to surround the capillaries of the hypophysial portal system ( fig. 7 ) .
A well-defined population of periventricular SP neurons was seen dorsal to the Arc in the posterior hypothalamus at the level of the premammillary nucleus with both immunofluorescence and Ni-DAB ( fig. 8 a-c) . Unlike SP neurons in the Arc, the number of nonArc SP neurons was not significantly influenced by castration ( fig. 8 d, e; castrates: 63.0 ± 19.3 vs. intact monkeys: 25.8 ± 8.0; p = 0.124).
Experiment 2
Circulating concentrations of LH following i.v. administration of SP at all doses examined (0.5, 5 or 50 μg/ monkey) were indistinguishable from those that followed injection of vehicle. In sharp contrast, a similar mode of kisspeptin administration 2 h after the SP injection resulted, as anticipated, in an immediate, consistent and dramatic increase in plasma LH concentrations. Figure 9 shows the plasma LH response to the highest dose of SP (50 μg) and to the kisspeptin injection. Flushing of the face immediately after injection of SP was observed in 75% of the monkeys at each of the 3 doses, although the identity of the 3 monkeys exhibiting this response was different for each dose. Flushing when observed typically lasted for 2-5 min. Repetitive injections of the peptide did not result in sensitization of the facial response. 
Discussion
The distribution of immunopositive SP in the MBH of the adult male rhesus monkey observed in the present study was qualitatively similar to that previously reported for this macaque and other highly evolved primates including man [24, 35, 39, 40] . Dense networks of SP fibers were found in the Arc and the external zone of the median eminence, where they were observed surrounding capillary blood vessels. In addition, high concentrations of SP-containing granules were found in the pars tuberalis.
The overall topography and morphology of SP neurons that we observed in the MBH of the rhesus monkey was in agreement with that previously reported for this macaque by Rønnekleiv et al. [35] . SP perikarya were typically located in the Arc and premammillary nuclei, with those in the Arc usually found in the mid-to-posterior region of this structure. However, the number of SP neurons found in the Arc in the present study was notably less than that previously reported for male and female rhesus monkeys [35] . Here, it may be noted that in a study of the African green monkey, SP neurons were not found in the Arc [39] .
In the 2 studies of the rhesus monkey, differences in immunohistochemical methods employed are unlikely to explain the quantitative discrepancy. The same primary SP antiserum was used in both studies, and in our hands visualization with peroxidase, used by Rønnekleiv et al. [35] , and fluorescence, employed by us, yielded similar Confocal projection (×10; 1-μm optical section) illustrating the relationship between immunopositive SP (red) and kisspeptin (green) fiber projections to the median eminence (ME) in a coronal hemihypothalamic section at a midtuberal level of a castrated adult male monkey. SP fibers project to the ME, and at this level clusters of SP-and kisspeptin-beaded axons were observed running in close association in a near-horizontal plane. Double-labeled fibers were not observed. 719 results in terms of numbers of immunopositive SP neurons revealed. The quantitative difference cannot be attributed to gonadal status since the present study and that of Rønnekleiv et al. [35] used castrated adult animals. The possibility of a male-female difference, however, cannot be excluded because, although both male and female castrates were studied previously, in contrast to the present investigation that only examined males, the number of Arc SP neurons for each sex was not reported in the earlier study. In this regard, Hrabovszky et al. [24] recently reported that the number of SP somata in the infundibular nucleus of women was 5 times greater than that in men. In the rat, populations of SP cells were found throughout the MBH, especially in the ventromedial nucleus [41, 42] , and in the mouse robust expression of Tac1 has been demonstrated in the Arc and ventromedial nuclei by in situ hybridization [43] .
In man, approximately 65% of SP-positive neurons in the Arc have been shown to coexpress kisspeptin [24] . In contrast, neurons of the Arc of rhesus monkeys do not appear to coexpress these two neuropeptides; a situation very different from the relationship between kisspeptin and NKB, which are colocalized in approximately 60% of kisspeptin-positive neurons in this nucleus [44] . The mouse appears to be similar to the monkey in this regard since Tac1 -expressing neurons in the Arc of the female, although closely associated with Kiss-1 -positive neurons, were not observed to coexpress the latter gene [43] . The absence of robust SP expression in Arc kisspeptin neurons in the rhesus monkey and mouse suggests that there is no pressing need to incorporate this tachykinin into the KNDy model of mammalian GnRH pulse generation, which has been proposed by several groups and recently reviewed by Goodman and Inskeep [45] . SP, however, may act as a neuromodulator of the GnRH pulse generator. In support of this view, Navarro et al. [43] reported that nearly 50% of Kiss-1 neurons in the Arc of female mice express Tacr1 mRNA, the transcript encoding NK1 (the SP receptor), and de Croft et al. [46] demonstrated that SP was able to depolarize KNDy neurons. Moreover, i.c.v. infusion of a SP agonist (GR 73632) induced GnRH release in adult male and ovariectomized, estradiol-treated mice by a kisspeptin-dependent mechanism as reflected by the finding that this action of SP was not observed in Kiss1r -/-mice [43] . It should be noted that Tacr1 is also expressed in a subset of GnRH neurons in the female mouse [43] and therefore SP may modulate GnRH release directly in this species.
Whether NK1 is expressed by KNDy and/or GnRH neurons in the monkey and other highly evolved primates is unknown. However, the close association between SP fibers and kisspeptin neurons in parts of the Arc and the intimate intermingling of SP and kisspeptin (and GnRH by inference) axonal projections in the median eminence observed in the present study and an earlier investigation of postmenopausal women [40] is consistent with the notion of SP signaling on KNDy soma and terminals and GnRH terminals.
The present finding that the number of immunopositive SP neurons in the MBH of the male monkey was 6.5-fold greater in castrates than that in intact animals is consistent with the earlier observation of Rance and Young [47] in the infundibular nucleus of pre-and postmenopausal women. The results of both studies suggest that downregulation of SP in hypothalamic neurons may mediate, at least in part, the negative feedback action of gonadal steroids on gonadotropin secretion. This view is consistent with the finding in men that systemic infusion of SP induced a robust discharge of LH [5] . In the ovariectomized estradiol-replaced rat, i.v. injection of SP (10 and 50 μg) also stimulated LH release [48] likely by an action primarily at the hypothalamic level [48] [49] [50] .
In the present study, i.v. administration of increasing doses of SP consistently failed to induce LH secretion in castrated juvenile male monkeys. Since all animals displayed facial flushing, a vasomotor reaction in response to SP infusion [1] , the lack of an endocrine effect of SP cannot be attributed to loss of biological activity. Similarly, insufficient responsiveness of the pituitary gland to GnRH was not responsible for the failure of SP to induce LH release because the control kisspeptin challenge consistently induced a robust discharge of LH. There are several obvious possibilities to explain the difference in the LH response to SP administration in juvenile monkeys 
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(present study) and men [5] . First, in the juvenile monkey, the GnRH pulse generator is restrained by a developmental control system [51] , while in the men studied by Coiro et al. [5] , GnRH pulse generation was presumably robust. Second, in the present study SP was administered as an i.v. bolus, but in men the peptide was i.v. infused for 1 h. Third, the monkeys studied by us were castrated while the men were intact, and there are several examples in the literature of gonadal steroids profoundly modulating the neuroendocrine response of neuropeptides and neurotransmitters [52] . We consider that differences in dose and mode of administration of SP employed in the present study (126-12,600 pmol/kg/min for 1 min) and the earlier study of men (1.5 pmol/kg/min for 60 min) are unlikely to explain the failure of SP to elicit LH release in the agonadal juvenile monkey. With regard to the rate of infusion of SP (0.5-1.5 pmol/kg/min) employed in the study of men [5] , it is of considerable interest to note that it was less than that used by Dhillo et al. [37] to initially demonstrate the ability of kisspeptin (4 pmol/kg/min) to elicit LH release in the human male.
Although the present finding that the number of kisspeptin neurons in the Arc of castrated adult males was nearly 20-fold greater than that in intact animals was anticipated because KISS1 in this hypothalamic nucleus of the castrated adult male monkey is dramatically downregulated by testosterone replacement [53] , this effect of the primate testis to suppress expression of the peptide has not been quantified before. A similar action of testicular steroids on kisspeptin neurons in the Arc has been reported previously in mice and sheep [54, 55] , an effect that appears to be mediated by both estrogen and androgen receptor signaling [52] . This biology is consistent with a role of kisspeptin in mediating, at least in part, the negative feedback actions of gonadal steroids on GnRH secretion [13] .
In summary, the present study provides a detailed description of the distribution of immunopositive SP perikarya and fibers in the MBH and median eminence, and of their relationship to kisspeptin neurons in these hypothalamic regions of both intact and castrated adult male rhesus monkey. Evidence for colocalization of SP and kisspeptin in either cell bodies or fibers was not observed, although fibers immunopositive for these two peptides were intimately intermingled in the median eminence. Administration of SP by i.v. injection to GnRH-primed agonadal juvenile monkeys failed to elicit GnRH release, as reflected by LH. The foregoing findings suggest that this tachykinin is unlikely to be a fundamental component of the GnRH pulse generator in the monkey, but do not exclude the possibility that SP may modulate the pulsatile release of the decapeptide.
